labiaplasty, vascularity of labia minora, cold light illumination, labia minora, labia minora reduction Objective Aim of the study was to assess the feasibility of a novel technique to determine the vascularity of labia minora prior to labiaplasty.
prominence, 36 % (n = 32) had middle third prominence, and 18 % (n = 16) had lower third prominence according to the Banwell classification of morphologies. Right labia minora width was 0-2 cm in 51.7 % (n = 46), 2-4 cm in 47.2 % (n = 42) and > 4 cm in 1.1% (n = 1) of cases. Left labia minora width was 0-2 cm in 52.8 % (n = 47), 2-4 cm in 41.6 % (n = 37) and > 4 cm in 5.6 % (n = 5) of cases. The incidence of Anterior 2 and Posterior 1 vessels in the different morphologies were statistically significantly different (p = 0.007, p = 0.018). The Anterior 2 vessel was higher in the lower morphology group whereas the Posterior 1 vessel was higher in the upper morphology group. A central vessel was observed in 93.3 % (n = 83) of patients in the left labium minus and the right labium minus. The incidence of the Posterior 1 vessel was significantly higher in the left labium minus than in the right labium minus (p = 0.021).
Discussion This novel technique to assess labial vascularity using a cold light source could be very useful to reduce dehiscence by avoiding excessive resection of highly vascularized tissue. Most units can easily access a cold light source, which can be used to assess labial vascularity prior to labiaplasty.
Introduction
Labiaplasty is increasingly being performed and is estimated to account for more than 90 % of esthetic female genital surgery procedures [1] . According to statistical data from the United States, 8,745 patients underwent labiaplasty in 2015. It also has been observed that 58.8 % of patients who undergo such surgery are under 35 years of age. It is worth noting that there was a 14 % increase in the number of labiaplasty procedures between 2014 and 2015 [2] . Women who want labiaplasty for esthetic purposes believe that the appearance of their labia minora is not normal. However, what constitutes a normal appearance for the labia minora is still being discussed as it varies from culture to culture [3, 4] .
Sometimes labiaplasty is performed for functional reasons, such as entry dyspareunia or the need to push aside the labia minora during manual intercourse. Another cited reason is a feeling of discomfort when wearing clothing and during exercise, which goes beyond esthetic concerns [5] . Edge resection, wedge resection, de-epithelialization, Z-plasty, W-plasty, and laser labiaplasty are the most commonly used labia minora reduction techniques. Labiaplasty has high rates of patient satisfaction, and each technique has its advantages and disadvantages [6, 7] .
The surgery is planned based on patient expectations, the surgeonʼs experience, the appropriateness of the technique, wound tension, and other surgical requirements. The success of surgery is multifactorial. Tissue oxygenation is important for wound healing [8] . Complications can include wound dehiscence, hematoma, irregular edge formation, scarring, over-resection, fenestration, and shortened vaginal introitus [6] . With dehiscence, the most common complication of labiaplasty, tissue vascularization is disturbed. In this study, we aimed to investigate the vascularity of the labium minus as vascularization can be a guide when choosing the appropriate surgical technique. Knowledge of the vascularity of the labium minus is limited as there are only a small number of cadaver dissection studies [9, 10] . The literature offers no practical method for assessing the vascularity of the labium minus. Using a cold light source to determine the vascularity of the labium minus could allow the surgeon to adapt the surgical technique and plan the procedure accordingly, while also taking additional factors into account.
Materials and Methods

Study design and patient population
This prospective descriptive study included all patients who underwent any gynecological intervention in two tertiary centers between September 2017 and January 2018. Patients who were pregnant, who had given birth within three months, who had pelvic organ prolapse (POP) ≥ grade 2, who underwent surgery to repair POP, who were scheduled to undergo surgery for vulvar cancer or other gynecologic cancers, who had vulvar varicosities, and who had previously undergone esthetic genital surgery were excluded from the study. One hundred patients who did fulfill these criteria agreed to participate and were included in the study. Before patients were taken to the operating room, they were interviewed to obtain descriptive characteristics, such as age, parity, BMI, marital status, menopausal status, type of delivery, previous episiotomy, occupation, income status, comorbidities, and drug use. The Banwell classification classifies labia minora into the following morphologies according to the distance from the most lateral prominence of the labium minus to the vaginal introitus: type 1 = upper third prominence, type 2 = middle third prominence, and type 3 = lower third prominence [11] . The labia minora of our patients were classified using this morphological categorization. The width of the labium minus was measured from a vertical line drawn to the base of the labium minus from the widest lateral prominence. According to the Motakef classification, labial protrusion is classified as class 1 (0-2 cm), class 2 (2-4 cm), and class 3 (> 4 cm) [12] .
Because labia minora width was very short in three women (0.5, 0.4, and 0.4 cm), vascularity was not assessed in these patients, and they were excluded from the study. Women with asymmetric labia minora were classified as asymmetric. In three patients, the left and right labia minora had different morphological classifications. Because we planned our analysis based on this classification of morphologies, these patients were also excluded from the study. No significant vascularity was identified in five patients and only delicate abnormal anastomoses were observed. Analysis was therefore not carried out in these women. The remaining 89 patients were included in the study. tientinnen eine Auswölbung im oberen Drittel, 36 % (n = 32) eine Auswölbung im mittleren Drittel, und 18 % (n = 16) eine Auswölbung im unteren Drittel. Die Breite der rechten inneren Schamlippe betrug 0-2 cm in 51,7 % (n = 46), 2-4 cm in 47,2 % (n = 42) und > 4 cm in 1,1 % (n = 1) der Fälle. Die Breite der linken inneren Schamlippe betrug 0-2 cm in 52,8 % (n = 47), 2-4 cm in 41,6 % (n = 37) und > 4 cm in 5,6 % (n = 5) der Fälle. Es gab einen statistisch signifikanten Unterschied in der Häufigkeit von Anterior-2-und Posterior-1-Gefäßen zwischen den verschiedenen Morphologien (p = 0,007; p = 0,018). Anterior-2-Gefäße traten häufiger in der Gruppe mit unterer Auswölbung auf, wohingegen Posterior-1-Gefäße öfters in der Gruppe mit oberer Auswölbung auftraten. Ein zentrales Gefäß wurde bei 93,3 % (n = 83) der Patientinnen sowohl in der linken wie in der rechten inneren Schamlippe identifiziert. Ein Posterior-1-Gefäß wurde häufiger in der linken als in der rechten inneren Schamlippe entdeckt (p = 0.021).
Diskussion Dieses neuartige Verfahren zur Bestimmung der
Vaskularität der inneren Schamlippen mithilfe einer Kaltlichtbeleuchtungsquelle könnte sehr nützlich bei der Reduzierung der Wunddehiszenz sein, weil sich damit eine exzessive Gewebsentfernung vermieden ließe. In den meisten Krankenhäusern ist eine Kaltlichtbeleuchtungsquelle vorhanden, die zur Darstellung der Vaskularität der inneren Schamlippen vor der Labioplastik benutzt werden kann.
Application of the new technique
Examinations were carried out prior to surgery, before dyeing and covering. Patients were examined under regional/general or local anesthetic or without anesthesia, with all patients in the lithotomy position. The characteristics of the external genitalia, labial symmetry/asymmetry, morphological features, color, edge properties, and labia minora widths were recorded in the patient chart. The lights in the operating room were turned off, and the labium minus was slightly opened at its most prominent point using a non-serrated instrument or by hand. The cold light source used in laparoscopic procedures was brought close to the outer surface of the labia minora (▶ Fig. 1 ).
In 2015 Georgiou et al. created a vascularity map of the labium minus [9] . Using the vascularity and labeling of their map, in our study labial vascularity was assessed from the inner surface of the labium minus and the findings recorded. The vessel running along the entire edge and the vessel running along the entire base were defined but not identified. Vessels that were rare and did not meet the predefined definitions were recorded as "other". Thin anastomoses were seen in some patients. After each operation, the light source was sterilized by autoclave. Vascularity was marked on the right and the left side for each labium minus. Measurements were carried out by two physicians with at least 10 yearsʼ experience in gynecological and obstetric care.
Ethical approval
The study was approved by the Ethics Committee of Duzce University Faculty of Medicine (Decision No: 2017/123). Informed consent form was obtained from all patients who agreed to participate in the study.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 15.0 for Windows was used for statistical analysis. Numerical variables are presented as mean ± standard deviation. The Kruskal-Wallis test was used to compare numerical variables in multiple independent groups if they were not normally distributed. The χ 2 test was used to compare ratios in groups. The Monte Carlo simulation was applied if ratios were not normally distributed, and the McNemar test was used to compare ratios in dependent groups. A p-value of < 0.05 was considered statistically significant.
Results
Demographic data
The general patient characteristics and morphology groups are summarized in ▶ Table 1 . Mean age of the patients was 34.3 ± 8.6 years, and mean body mass index (BMI) was 24.0 ± 3.5.
Morphologic features
The patients were divided into three groups according to labia minora morphology. Of the participants, 46.1 % (n = 41) had upper third prominence, 36 % (n = 32) had middle third prominence, and 18 % (n = 16) had lower third prominence. The mean width of the labium minus was measured as 2.13 ± 0.77 cm (mean ± SD; min-max, 1-5 cm) on the right side and 2.23 ± 0.86 cm (mean ± SD; min-max, 1.1-7.6 cm) on the left side. Labia were also classified based on these measurements. Right labia minora width was 0-2 cm in 51.7 % (n = 46), 2-4 cm in 47.2 % (n = 42) and > 4 cm in 1.1 % (n = 1). Left labia minora width was 0-2 cm in 52.8 % (n = 47), 2-4 cm in 41.6 % (n = 37) and > 4 cm in 5.6 % (n = 5). A statistically significant difference was found between morphology groups with regard to labial fold, soft tissue color around the labium minus, and width of the right labium minus (p = 0.003, p = 0.036, and p = 0.017). The labia minora fold was statistically significantly marked in the lower morphology group compared to the other morphology groups (p = 0.001). The soft tissue color around the labia minora was statistically significantly higher in the upper morphology group than in the lower morphology group (p = 0.050). The percentage of labia minora widths of 2-4 cm was higher in the upper morphology group compared to the middle morphology group (p = 0.012).
No statistically significant difference with regard to any vascular structure of the labium minus was found between symmetrical (n = 56, 62.9 %) and asymmetrical (n = 33, 37 %) patients (p = 0.07). The rate of asymmetry was statistically significantly higher in women who had had an episiotomy than in women without prior episiotomy (p < 0.001). There was no statistically significant difference between the vascular structures of the right and left labia minora in the asymmetric group (p = 0.05).
Distribution of vascularity of right and left labia minora
Arterial distribution on the right and left sides of the labia minora is summarized in ▶ Table 2 and shown in ▶ Figs. 2 to 5. The central vessel was observed on the right side in 93.3 % (n = 83) of cases. The incidence differed significantly between morphology groups (p = 0.003). While the central vessel was observed in all labia minora with an upper morphology (n = 41), it was observed in 75 % of labia minora with a lower morphology. The incidence of Anterior 2 and Posterior 1 vessels differed significantly between morphology groups (p = 0.007, p = 0.018). The incidence of Anterior 2 vessels was higher in the lower morphology group whereas the incidence of Posterior 1 vessels was higher in the upper morphology group (▶ Table 2 ). The central vessel was observed in ▶ Fig. 1 Photographs showing the vascularity of labia minora using cold light illumination.
▶ 93.3 % (n = 83) of patients in the left labium minus and the right labium minus (▶ Fig. 2) . When the vascularity rates of the left and right labia minora were compared, the differences were not statistically significant except for Posterior 1 vessels. The incidence of Posterior 1 vessels was significantly higher in the left labium minus than in the right labium minus (p = 0.021) (▶ Fig. 1) . This difference was more significant in the middle morphology group than in the other morphology groups (p = 0.025).
When all vascular structures of the labia minora were evaluated, a statistically significant difference was found in the incidence of central and posterior vessels according to morphology (p = 0.037, p = 0.003). Independent subgroup analysis showed that this difference was present for the upper and lower morphologies; the incidence of central and posterior vessels was significantly higher in labia minora with an upper morphology than in labia minora with a lower morphology (p = 0.005, p = 0.015). A p-value of < 0.05 was considered statistically significant.
▶
▶ Table 3 Vascularity of right and left labia minora according to labia minora width.
Right Left
Labia minora width Labia minora width There was no statistically significant difference between right and left labium minus width groups (p = 0.131) or in right-sided vascular structures in the right labium minus width groups. There was a statistically significantly difference in the incidence of the base artery in the left vascular structures of left labia minora in the 0-2 cm group (p = 0.027) (▶ Table 3 ).
There was a statistically significant difference in the incidence of right central vessels and posterior vessels and the incidence of left central vessels and posterior vessels in patients who smoked (p = 0.047, p = 0.020, p = 0.016 and p = 0.001). On the right side, the incidence of the central vessels was lower in patients who smoked more than ten cigarettes a day, and the incidence of the posterior vessels was lower in those who smoked fewer than ten cigarettes a day. On the left side, the incidence of the central vessels was lower in patients who smoked more than ten cigarettes a day, and the incidence of the posterior vessels was lower in patients who smoked fewer than ten cigarettes a day.
Vascularity detection took a mean of 1.3 ± 0.9 minutes (mean ± SD) for each labium minus. Detection took longer in the first few patients evaluated with this method. However, the learning curve rose rapidly after the first five patients. There was no significant difference in the duration of vascularity detection between those who had delivered with or and those who had delivered without anesthesia (n = 62 and n = 27, respectively; p = 0.208). 
Discussion
The multi-stratified non-keratinized epithelium of the labium minus contains sebaceous and sweat glands [13] . Due to its mucocutaneous fine structure and hairless skin, vasculature under the skin can be easily detected with a light source. We planned this study using the light source employed in laparoscopic abdominal procedures. We had been inspired by the fact that vessels could be clearly detected with this light source, despite the thick subcutaneous tissue of the abdominal wall.
One of the limitations of the study is the low number of patients, especially patients with labial hypertrophy. Moreover, no patients whose right and left labia minora were morphologically asymmetric were included in our study. Three patients with asymmetric labia minora diameters were assessed and excluded from the study because they did not meet the inclusion criteria, which is another limitation of the study. There were only six patients with a labium minus width of 4 cm or more in our study population. The reason for this is that our study population consisted of patients who planned to undergo intervention for other gynecological reasons, not women who came to hospital for esthetic genital surgery.
In a study carried out in 1985, dissection revealed that the arteries of the labium minus were accompanied by veins of the labium minus [10] . In our study, vessels were traced using the light source, until the most proximal part where the detected vessel continued to thicken. Pressure was applied at the last visible point, and these vessels were then recorded as arteries if the color faded. However, it is not possible to precisely distinguish between arteries and veins using this method, as interventional approaches, such as angiography or dissection, were not performed as were done in other studies.
This technique is easy to use. This type of cold light source is available in all units which carry out laparoscopic surgery. The technique is easy to use in any patient examined in the lithotomy position. Patients do not feel pain as there is no need to apply too much tension. In our study, detection was easy, both with or without anesthesia, and irrespective of the time used for detection. In non-anesthetized patients, it may be more appropriate to open the most lateral side of the labium minus manually rather than with an instrument.
The cadaver study published by Georgiou et al. in 2015 was the first to describe the vasculature of the labium minus in detail. In their study, they created an arterial map of the labium minus of 11 cadavers, using contrast-enhanced computed tomography and rotational angiography. Their study identified a dominant central artery which they named the "C" artery, two posterior arteries named "P1" and "P2", and one small anterior artery named "A". A connection between the anterior system of the external pudendal artery and the posterior system of the internal pudendal artery was also confirmed in their study. We have used the same terminology for the vessels detected in our study [9] .
Rouzier et al. performed labiaplasty in 163 patients and accepted only patients with a labium minus width of 4 cm or more. All patients underwent only posterior wedge resection with anterior flap. Wound dehiscence occurred only in 7 % of patients [14] . In a labiaplasty study involving 21 patients performed by Munhoz et al. in 2006, all patients underwent posterior wedge resection. Distal flap necrosis and wound dehiscence occurred in 14.2 % of patients [15] . In a retrospective study by Ouar et al. which compared edge and wedge resection, wound dehiscence was the most common complication with a rate of 13 %. They reported that the tendency to wound dehiscence was greater following wedge resection than after edge resection [16] .
When wedge resection is used, there is no change in color, scar formation is less pronounced, and the results are more esthetically pleasing since the natural edge of the labium minus is preserved. However, wound dehiscence rates are higher compared to other techniques [14 -16] . It has been reported that the posterior arterial network is larger, and blood flow is greater with posterior wedge resection, because of the presence of the P1 and P2 vessels below the middle line of the labium minus described by Georgiou et al. The high rates of wound dehiscence associated with this technique have been attributed to extensive resection of the arterial network, suggesting that the vasculature of the remaining anterior flap is not sufficient to provide an adequate supply of blood to the remaining tissue [9] . Tissue oxygenation is one of the factors that affect wound healing, but tissue oxygenation requires adequate vascularization. A practical method has not yet been identified to determine the vasculature of the tissue resected during labiaplasty. We think that complication rates could be reduced by evaluating the vascularity of the tissue to be resected and of the tissue that will not be resected. In addition to the suture technique, the surgeonʼs experience, the patientʼs characteristics, and excessive tension on the wound, the main cause of such complications as wound dehiscence and fenestration is the reduction of blood supply following the resection of areas of higher vascularity. These complication rates could be reduced by assessing tissue vascularity before choosing the appropriate technique. In the study by Bucknor et al., they reported that cigarette use was the main cause of postoperative sequelae and higher complication rates in patients undergoing labiaplasty [17] . The negative effect of cigarette smoking on wound healing is well-known. The decrease in the incidence of certain vessels detected in smoking patients appears to be the reason for this increase in complications.
While a number of reduction techniques have been proposed in the literature according to the classification of labia minora width, we did not find any recommendations on the right technique based on labia minora morphology [18] . When determining the vascularity of tissue, the outlet of the main artery was found to extend perpendicular to the most lateral prominence of the labium minus. Accordingly, the central vessel was observed to be below the midpoint in labia minora with a lower morphology. However, the central vessel was above the midpoint in labia minora with an upper morphology and was in the middle of labia minora with a middle morphology as described by Georgiou et al. [9] . Since the percentage of central vessels was statistically higher in labia minora with an upper morphology compared to labia with a lower morphology, this shows that it is important to consider the extent of interruption to the central vasculature during anterior wedge resection. As the central vessel is quite low down in labia with a lower morphology, the posterior vessel originates from the central vessel. This means that blood flow is significantly reduced if posterior wedge resection is carried out in labia minora with a lower morphology because the main artery is cut (▶ Fig. 6 ). The Posterior 1 vessel was found to be significantly higher in labia minora with a middle morphology compared to the other morphologies. This explains why posterior and central wedge resection reduces blood flow and why this technique has higher rates of dehiscence [9] . When all labia minora with an upper morphology were evaluated, the incidence of Posterior 1 and 2 vessels was found to be higher in labia with an upper morphology compared to labia with a lower morphology. Since the central vessel runs though the upper part of the long axis of the labium minus with an upper morphology, the higher incidence of posterior vessels was to be expected. According to the vascularity map, posterior wedge resection is the procedure most likely to protect the main vessel when performed in labia with an upper morphology. The central vessel would be cut if central wedge resection is carried out in labia with a middle morphology. If posterior wedge resection is performed, a narrow wedge angle would be preferable. Our data suggest that trimming could be more reliable than wedge resection in terms of wound complications. The success of surgery is multifactorial. Tissue vascularity may be just one of the factors influencing the choice of technique. Our results were obtained from a limited number of patients from our region who did not represent the entire population. However, a vascularity map can be created for each patient in a very short time. This would allow the surgeon to choose the appropriate approach for the patient. Each woman must be mapped individually. It is important to specifically identify the central artery, and the procedure which has the lowest impact on the central artery should be chosen. The vascularity of the labium minus can differ in patients with different labial morphologies, sizes, and characteristics. The procedure to determine vascularity does not take long, and it is neither invasive nor harmful to the patient. We recommend that plastic surgeons and gynecologists who perform labiaplasty assess the patientʼs vascularity prior to surgery. We believe that the incidence of dehiscence -the most common complication of labiaplasty -could be reduced by avoiding the resection of tissue from areas with high vascularity, particularly when the central vessel is involved.
Conclusion
Differences in morphology and vascularity may result in the different rates of dehiscence reported in the literature. The assessment of vascularity using a cold light source can help guide the choice of surgical technique and determine the amount and shape of the tissue to be resected.
